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THE GERMICIDAL ACTION OF THE HYDROGEN
ION AND OF THE LOWER FATTY ACIDS*
PHILIP B. COWLES
Although it has long been realized that the fatty acids have
excellent germicidal powers, except for the work done by Reid5
little study seems to have been made of them as a group. In par-
ticular, the relative parts played by the dissociated and undissociated
fractions have not been investigated in detail, although the existence
of this dual action has been recognized. Furthermore, information
on the concentration exponents of these acids seems to be limited to
that given for acetic and butyric acds by Paul, Birstein, and Reuss.4
As Winslow and Lochridge6 demonstrated, acids such as hydro-
chloric exert their germicidal action almost entirely through the
hydrogen ion and have a pronounced effect on most bacteria only at
low pH values. Of the organic acids some are bactericidal at dilu-
tions in which the hydrogen ion can be responsible for only a small
part of the lethal effect, while others, as oxalic, undergo sufficient
dissociation in their germicidal dilutions to make it seem probable
that the hydrogen ion plays the most important part.
In this paper are presented the results of some experiments
undertaken to ascertain the relative importance of the H ion and of
the undissociated molecule in thebactericidal action of the fattyacids
against a strain of Staphylococcus aureus and one of Escherichia coli.
The general technic of the end-point method employed has been
described in an earlier paper.1
On the assumption that the hydrogen ion in high concentration
has essentially the same germicidal action no matter what its source,
the first experiments were carried out to determine the lethal action
ofthision as furnished by hydrochloricacid. As in all of the experi-
ments, to I0 ml. of a distilled water dilution of germicide was added
0.02 ml. (about 50,000,000 cells) of a washed aqueous suspension
of organisms. Fromthis tube, held at 200 C., 0.02 ml. was removed
at appropriate time intervals and inoculated into extract broth buf-
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fered with phosphate at pH 7.2. The results were read after 48
hours at 37°. The time recorded is an average of that yielding a
positive and that yieldinga negative culture.
TABLE 1
GERMICIDAL ACTION OF HYDROCHLORIC ACID
Staphylococcus aureus Escherichia coli
c* pH t c pH t
.1 0.92 0.63 0.25 0.62 0.38
.01 1.96 2.75 0.16 0.82 0.63
.005 2.40 5.5 0.1 1.02 1.75
.00125 2.90 85. 0.06 1.23 5.25
.0006 3.25 400. 0.16 0.82 0.63
.1 1.0 0.5 0.1 1. 1.75
.0316 1.46 1. 0.06 1.23 3.13
.01 1.98 2. 0.03 1.5 9.75
.005 2.27 3.25 0.003 2.53 > 1140.
.0025 2.56 5.5
.1 0.95 0.5
.0316 1.5 1.5
.025 2.6 7.5
.001 2.9 20.
.0005 3.18 200.
.1 0.95 0.63
.0316 1.44 1.25
.01 1.95 2.75
.005 2.25 6.
.0025 2.6 11.
.001 3.06 660.
* Concentrations in all tables are expressed in moles per liter; times, in minutes.
pH values were obtained by means of the glass electrode.
The results of determinations made with the two species are con-
tained in Table I and depicted graphically in Figure 1. An inspec-
tion of the graph shows that in the case of the staphylococcus the
slope of the log t/pH curve is 0.7 up to a pH value of about 2.6.
Above this value the curve breaks sharplyupward, indicating a rapid
loss in the lethal power of the hydrogen ion. Against the colon
bacillus the effect of this ion is quite different, and a concentration
exponent of 1.75 seems to hold in the range studied.
Paul, Birstein, and Reuss,4 using the garnet method with HCR,
obtained a value of 0.5 for the staphylococcus by a comparison of
velocity constants, while Gregersen,3 using an end-point methodGERMICIDAL ACTION OF FATTY ACIDS
with garnets and HCR, found values of 1.0 for the staphylococcus
and 1.1 for the colon bacillus. These workers did not report the use
of solutions of acid more dilute than 0.0025 n (pH 2.6), and no
mention of a sudden loss in germicidal activity was made.
Using the same technic the
germicidal action ofthelower 3 OtAPH-NO
fatty acids against the two test STAf-P TIC ACIDf2O9 °
organisms was determined.
The concentrations given take
no account of the dissociation,
since this is too small, in view 2 0 0
of the experimental inaccu-
racies, to make any difference 'l
in the interpretation of the o /
results. These results, given j
in Tables 2 and 3 and plotted
in Figures 2 and 3, show that 9
the n values for the staphy- /
lococcus increase from 2 in the 0
case of acetic acid to 7 for o0
caprylic acid, while for the
colon bacillus n is approxi- I . H
mately the same, 5, for all the ' 2. 1
acids tested. In this connec- FIG. I
tion it may be notedthat Paul,
Birstein, and Reuss obtained values of 1 for acetic and 2 for butyric
acid against staphylococci. It seems probable in view of the experi-
mental inaccuracies that when n is as great as 6, differences of a unit
or so are not of much significance.
It is of interest to compare these findings for the fatty acids with
those obtained with hydrochloric acid. In the case of the colon
bacillus pH values above 2 require an hour or more to effect killing.
That fact suggests that in the dilutions of the fatty acids employed,
all giving pH values greater than this, the hydrogen ion plays a
minorrole, andtheundissociated fraction ofthe molecule is of major
importance. With the staphylococcus, on the other hand, the lower
acids in their germicidal dilutions give pH values which, when fur-
nished by HCI alone, can kill in a relatively short time. The slope
of the log t/log c curve with these acids again expresses the summa-
tion of the activity of the hydrogen ion and that of the undissociated
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TABLE 2
GERMICIDAL ACTION OF THE FATTY ACIDS AGAINST Staphylococcus aureus
Acetic Propionic
t c
0.38 0.5
0.88 0.3
1.38 0.49
0.88 0.39
1.88 0.29
750. 0.39
0.88 0.29
1.88 0.1
2.13 0.07
6.25
1.38
5.25
21.
Caproic
1.5
6.
11.
0.38
11.
0.88
2.25
t
0.63
2.63
0.38
0.68
1.63
0.38
1.68
95.
335.
c
0.0026
0.0022
0.0028
0.0026
0.0024
0.0022
0.0029
0.0026
0.0023
0.0023
0.0020
Butyric
c t
0.23 0.38
0.19 1.25
0.23 0.38
0.19 1.13
0.14 2.5
0.23 0.88
0.19 1.88
0.14 3.25
Caprylic
3.5
10.5
0.68
3.25
4.75
14.25
1.13
3.75
6.25
5.25
13.75
TABLE 3
GERMICIDAL ACTION OF FATTY ACIDS AGAINST Escherichia coli
Acetic
t c
0.38
1.38
3.13
>1140.
1.38
68.
Pro*pionic
t
0.8 0.38
0.7 0.68
0.6 1.13
0.5 2.75
0.4 6.5
Butyric Caprylic
c t c
0.275
0.25
0.225
0.20
0.175
0.15
t
0.38 0.0026 3.5
0.68 0.0022 11.5
1.13
3.
4.25
8.5
molecule, with the former exerting a great influence. The concen-
tration exponents ofthe higher acids giving pH values of 3 and better
574
c
0.071
0.057
0.043
0.1
0.085
0.043
Valeric
t
1.13
4.5
32.5
0.38
1.38
27.5
c
1.0
0.75
0.5
0.78
0.58
0.049
0.97
0.78
0.58
0.39
0.58
0.39
0.19
c
0.024
0.021
0.018
0.024
0.015
0.021
0.018
0.29 m acetic acid
buffered with
sodium acetate
pH t
2.75
2.87
3.00
3.t2
3.24
1.5
3.
6.
24.
24.
c
1.75
1.5
1.25
0.4
1.5
0.6GERMICIDAL ACTION OF FATTY ACIDS
approximate those for the colon bacillus and probably reflect chiefly
the germicidal action of the undissociated fraction of the molecule.
It should be noted that 0.29
m acetic acid buffered at sev-
eral different pH levels gives
a curve of essentially the
same slope as that of HCl in
a corresponding pH range- 2
Data obtained from
experiments like the above
in which the concentrations
of acid and H ion vary do 1
not make possible a real 1 c, 5 Cc
comparison of the bacterici- o
dal powers of the undisso-
dated fatty acids. Hence,
tests were run against the
staphylococcus using the 0\
acids buffered with their so-
A
dium salts. Because of solu- A e
bility factors it is impossible -2 LOG C - 0
to obtain sufficiently concen- FIG. 2
trated solutions of the 2
lower acids at pH 7. At
lesser values the H ion is
certainly not inactive, but
the evidence suggests that c4 C3 c2
in time periods of an hour 1
or so its effect in concen-
trations of 10 or less o
can to a great extent be
disregarded in these ex-
periments. Suspensions of 0
the test organisms in solu-
tions of HCl at this pH LOG C
are seldom sterile in 24
0 0
hours. In the series for FIG. 3
which data are submitted in Table 4, the 2, 4, 6, and 8 carbon
atom acids buffered with their salts at a pH of about 4.7 were
studied. An inspection ofFigure 4 shows that underthese conditions
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the fatty acids form a quite regular series. The concentration
exponents are similar, about 6, and the concentrations of the sev-
TABLE 4
GERMICIDAL ACTION OF BUFFERED FATTY ACIDS AGAINST Staphylococcus aureus
Acetic acid-
sodium acetate
pH 4.6
cacid t
5.6 0.38
5.0 0.38
3.8 3.
3.1 12.
2.5 48.
1.9 96.
Butyric acid-
sodium butyrate
pH 4.8
caCid t
0.52 0.38
0.4-1 0.75
0.32 12.
0.24 48.
0.17 192.
Caproic acid-
sodium caproate
pH 4.7
cacid t
0.027 0.75
0.023 4.
0.016 32.
0.012 128.
0.029 0.68
0.026 0.68
0.023 1.5
0.020 1.5
0.018 12.
0.016 12.
0.014 48.
0.013 192.
0.012 48.
0.010 192.
Caprylic acid-
sodium caprylate
pH 4.8
c acid t
0.0030 0.38
0.0027 0.75
0.0024 1.5
0.0021 3.
0.0019 6.
0.0017 12.
0.0015 12.
0.0013 48.
worth notin
staphylococ
eral a cids required
to kill in agiven time
w \0\ differ by a factor ap-
0 L \, proximatingTraube's
o XC4 Xco "constant." M olIe
for moletheyseem to 0,\ # be about three times
as effective as the cor-
* \ \ responding alcohols'
if we disregard the
\ \ difference in pH.
The relative im-
portance ofthe H ion
LOG C in the case of the dif-
-2 -; o ferent adds, as deter-
FIG. 4 mined by comparing
Figures 2 and 3, is
tg. With caprylic acid the concentations lethal for the
cus are practically identical whether unbuffered or buf-
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fered atpH 4.7 orpH 7 (data for thelatter pH, where the salt/acid
ratio is greater than 100:1, are not given). In the case of acetic acid,
on the other hand, about ten times the concentration is needed to kill
at 4.6 as in the unbuffered state. The findings obtained here with
the buffered caproic and caprylic acids agree reasonably well with the
results reported for the corresponding soaps buffered with lactate.
Eggerth2 found that sodium caproate and sodium caprylate at vari-
ous pH levels between 4 and 7 and in soap concentrations of N/160
to N/I 0 and N/1280 to N/I 0, respectively, killed the staphylococ-
cus in 2 hours at 37°. The acid concentrations as calculated from
these data are, considering the experimental differences and errors,
of much the same order as those suggested by the present work.
This is added evidence that, as Eggerth suggested, the bactericidal
action of the lower soaps may, under certain conditions, be largely
due to the un-ionized acid present.
Summary
1. Up to a pH of about 2.6 the hydrogen ion as furnished by
HCI has a concentration exponent against the staphylococcus of
about 0.7. Above 2.6 this ion loses its germicidal power very
rapidly. A given concentration of acetic acid buffered at different
pH levels has essentially the same concentration-time relationship
for killing the staphylococcus as does HCl in the same pH range.
Against the colon bacillus the H ion has a concentration exponent
of 1.75.
2. The germicidal action of the unbuffered fatty acids for the
colon bacillus seemstobe due almost entirely to the un-ionized frac-
tions ofthe acids. Against the staphylococcus the action ofthe lower
acids can be attributed to a summation of the effect ofthe H ion and
that of the undissociated molecules, while that of the higher acids
is largely due to the latter element.
3. When buffered with their sodium salts at pH 4.7, acetic, butyric,
caproic, and caprylic acids form, in their action against the staphy-
lococcus, a regular, progressive series with a concentration exponent
of 6. The germicidal concentrations vary according to Traube's
rule.
4. No evidence was obtained which suggested that the anions played
any considerable part in the germicdal process.
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